I. Introduction
===============

Operations cause tissue injury, and exudate may flow from sites of injury. Wound exudate is composed of fluid and cells including neutrophils and macrophages. In the inflammatory phase, wound exudate is part of the normal healing process[@B1]; however, excessive postoperative exudate can increase pain, swelling, seroma, and risk of infection[@B2]. Furthermore, excessive exudate after orthognathic surgery may be dangerous due to difficult airway management[@B3]. Cases of fatality after such airway obstruction have been reported[@B4].

Intraoral vertical ramus osteotomy (IVRO) and sagittal split ramus osteotomy (SSRO) are representative methods of mandibular ramus osteotomy. The prominent difference between SSRO and IVRO is the presence of inter-segmental fixation[@B5]. Inter-segmental fixation is required after SSRO, whereas bone segments are free from each other after IVRO. Also, the extent of subperiosteal dissection and the design of osteotomy are different. Given the above differences, the amount of postoperative drainage may also be different.

The purpose of this study was to measure the amount of postoperative drainage after IVRO and SSRO by inserting a closed suction drainage system into the bilateral mandibular osteotomy sites.

II. Materials and Methods
=========================

This study followed the Declaration of Helsinki on medical protocol and ethics, and the regional Ethical Review Board of Yonsei Dental Hospital Institutional Review Board approved the study (IRB No. 2-2013-0005).

This retrospective cohort study includes subjects who underwent IVRO or SSRO orthognathic surgery for correction of dentofacial deformities by two expert surgeons at the Department of Oral and Maxillofacial Surgery, Yonsei Dental Hospital between 2007 and 2013. The exclusion criteria were existing medical, physical, and mental conditions that would increase bleeding tendency; correction of mandibular deformity by another technique; abnormal preoperative prothrombin time, partial thromboplastin time, bleeding time, or platelet count; and other hematologic abnormalities that could affect the result.

Forty patients resulted from this selection process and were categorized into 2 groups. The 20 patients treated with IVRO were placed in group I, and the 20 patients treated with SSRO were placed in group II. Thirty-six patients underwent bimaxillary orthognathic surgery. One patient in group I and three patients in group II underwent only mandibular operations. [Table 1](#T1){ref-type="table"} shows baseline characteristics of the two groups. Group I was composed of 11 males and 9 females. Group II was composed of 9 males and 11 females. Mean age and standard deviation (SD) of the 40 patients were 23.95 years and 4.78 years. Mean age (SD) was 22.1 (2.94) years in group I and 25.8 (5.57) years in group II. Two expert surgeons performed all operations, and there was no difference in osteotomy design of IVRO and splitting technique and osteosynthesis in SSRO.

A closed suction drainage system was inserted at the operation site of the mandibular ramus following mandibular osteotomy and repositioning. The drainage tubes were connected to one bulb with negative pressure. The patient was moved to a general ward after recovery from general anesthesia. The amount of postoperative drainage was checked every 8 hours for 32 hours total. Then the closed suction drainage system was removed. The amount of postoperative drainage was reported into the electronic medical record system. Data was collected and analyzed with independent t-test using the PASW Statistics 18.0 software (IBM Co., Armonk, NY, USA).

III. Results
============

Results were described as the amount of postoperative drainage from a drain bulb per person every 8 hours postoperatively.([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}) Immediately after the operation, the mean (SD) amount of drainage was 31.20 (12.31) mL and 30.25 (20.72) mL in group I and group II, respectively; however, the difference was not statistically significant (*P*=0.861). At 8 hours postoperatively, the mean (SD) amount of drainage was 19.90 (10.94) mL and 25.75 (18.08) mL in group I and group II, respectively; however, the difference was not statistically significant (*P*=0.225). At 16 hours postoperatively, the mean (SD) amount of drainage was 13.90 (6.37) mL and 19.70 (9.38) mL in group I and group II, respectively, and the difference was statistically significant (*P*=0.029). At 24 hours postoperatively, the mean (SD) amount of drainage was 9.47 (5.2) mL and 8.50 (8.29) mL in group I and group II, respectively; however, the difference was not statistically significant (*P*=0.658). At 32 hours postoperatively, the mean (SD) amount of drainage was 4.95 (4.57) mL and 5.91 (6.67) mL in group I and group II, respectively; however, the difference was not statistically significant (*P*=0.601). The total amount (SD) of drainage from the closed suction drainage system was 79.42 (23.86) mL and 90.11 (42.85) mL in group I and group II, respectively. There was no statistically significant difference between the two groups (*P*=0.338).([Table 3](#T3){ref-type="table"})

Postoperatively, volume usually decreased every 8 hours in both groups. At 32 hours postoperatively, the amount of drainage was below 10 mL in both groups.

IV. Discussion
==============

The healing of fractured bone occurs in four phases. The first phase is the inflammatory phase, which includes formation of hematoma, extravasation, release of cytokines, and aggregation of immune cells. These are causes of postoperative swelling and exudate[@B6]. The second phase of fractured bone healing is formation of a soft callus characterized by cartilage around a fractured bone to connect a bony gap. Then the soft callus becomes a hard callus in the third phase, and the final phase of bone healing is the remodeling phase. In the remodeling phase, old bone is replaced with new bone. Immediately after an orthognathic surgery, these same four phases of bone healing begin with exudate and swelling in the inflammatory phase.

We inserted a closed suction drainage system into bilateral mandibular osteotomy sites to decrease postoperative swelling, seroma, and incidence of infection. Some studies have demonstrated that a closed suction drainage system is not effective. Clifton et al.[@B7] reported a systematic review with a closed suction drainage system after operation for hip fracture and demonstrated that there was no significant difference in the occurrence of complications between a drained wound and an undrained wound. Though there is some debate about its necessity, closed suction drainage is considered a useful device for decreasing postoperative complications in various fields. He et al.[@B8] performed a systematic review of randomized controlled trials studying insertion of a drain after axillary lymph node dissection for breast cancer. In comparison with undrained wounds, drained wounds showed significantly lower incidence of seroma formation without infection. Therefore, we inserted closed suction drainage systems into osteotomy sites, expecting a decrease in postoperative complications.

Ueki et al.[@B9] showed that the amount of intraoperative bleeding was lower after IVRO than after SSRO. The study demonstrated that blood loss was 216.6 mL after SSRO and 125.5 mL after IVRO. Yet, there is no comparative study examining the amount of postoperative drainage from osteotomy areas after IVRO and SSRO. Therefore, we measured the amount of postoperative drainage after each type of operation by inserting a closed suction drainage system into mandibular osteotomy sites after orthognathic surgery. Some clinicians assume that the amount of intraoperative bleeding and postoperative exudate from osteotomy areas is larger after IVRO than after SSRO because bone segments after IVRO are not fixed by screws. Bone segments after SSRO are fixed and faced. We hypothesized that the amount of postoperative drainage might be larger after SSRO than IVRO because sagittal split osteotomy on ramus causes more extensive medullary exposure than vertical osteotomy on ramus.

These data allowed comparison of drainage output from the bulb of a closed suction drainage system between group I and group II. Our findings may help determine which method can reduce postoperative swelling, seroma formation, and risk of infection. Although patients in group I showed less postoperative drainage than group II, these data did not show any statistically significant difference between the groups (*P*=0.338). Thus, surgeons do not need to consider postoperative drainage when determining which method is preferred for mandibular surgery.

These data further suggest that the closed suction drains may be removed 32 hours after orthognathic surgery, because the amount of postoperative drainage during the last 8 hours was below 10 mL in both groups. At that time, the risk of swelling, hematoma formation, and probability of infection would decrease.

There are some possible confounding factors in this study. First, the two surgeons usually performed SSRO only for mandibular advancement, whereas they did IVRO for mandibular setback. Mandibular segments had less exposed bone marrow after mandibular setback. Consequently, the differing surgical plan for each method may have affected our results. Second, cold pack application can decrease the amount of drainage[@B10]. Also, hypotensive anesthesia or injection of tranexamic acid can decrease hemorrhage[@B11],[@B12],[@B13]. Use of steroid decreases inflammation and swelling[@B14],[@B15]. The above variables may influence the amount of postoperative drainage from a closed suction drainage system. Further study is needed to confirm whether the above are confounding factors. There may also be some difference in the ability of our two surgeons, though they performed the same osteotomy technique for IVRO and SSRO. We thought that there would be little variability between the two surgeons. Thus influence by the surgeon was not considered a confounding factor.

V. Conclusion
=============

IVRO and SSRO have different osteotomy design and different exposure of medullary bone; therefore, one might think that the amount of postoperative drainage from a closed suction drainage system is different from each method. Our results revealed that there was no statistically significant difference in postoperative drainage of blood and exudate from bilateral mandibular osteotomy areas after IVRO and SSRO.
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###### 

Baseline characteristics of groups I and II
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(IVRO: intraoral vertical ramus osteotomy, SSRO: sagittal split ramus osteotomy)

###### 

Amount of drainage from a closed suction drainage system every 8 hours after surgery (mL)
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Group I: with intraoral vertical ramus osteotomy, Group II: with sagittal split ramus osteotomy.

Values are presented as mean.
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Statistical analysis to compare group I to group II
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Group I: with intraoral vertical ramus osteotomy, Group II: with sagittal split ramus osteotomy.

Statistical analysis by Student\'s t-test.
